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ABSTRACT 
 
Given its influence on public health and the vehicle usage, along with its negative consequences, walkability has attracted much attention in 
recent decades. Meanwhile, the development of a method to measure walkability of urban areas for the purpose of improving this feature is 
of utmost importance. Hence, after a comprehensive investigation of environmental measures which are related to the users’ walking 
behavior, the researchers attempted to develop an efficient and reliable environmental audit tool based on these measures. Following the 
development of a protocol for utilization and management of the tool, we designed two different tests to validate it. The participants were 
taught how to use the tool, then, it was tested in the Eram neighborhood of Shiraz (Fars province, Iran). The statistical analysis of the 
obtained data showed that 13 of the environmental measures were not reliable to be used in various environments. However, given the 
remaining 50 items, the tool is valid for being applied to other urban areas.  
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1 INTRODUCTION 
Physical activity is an important requirement for a healthy lifestyle. Walking is the most common type of 
physical activity (Saelens et al., 2003a). Due to the relation exsiting between the form of the built 
environment, physical activity, and public health, much research has been encouraged to investigate public 
health, urban economics, transportation, urban planning and design, etc. (Durand et al., 2011; Ewing & 
Handy, 2009; Forsyth & Southworth, 2008; Glazier et al., 2014; Handy et al., 2002; Lee & Buchner, 2008; 
Lee & Moudon, 2006; Litman, 2003; Saelens et al., 2003b). In such studies, the characteristics of the 
environment in which physical activities are encouraged, including land use, public transportation, street 
patterns, population density, residential density, urban form, accessibility, and safety are identified and 
evaluated (Brownson, et al., 2009; Clifton et al., Durand et al., 2011; 2007; Ewing & Cervero, 2010; Frank, 
2005; King & Clarke, 2015; Shbeeb & Awad, 2013; Witten et al., 2012). Moreover, studies were carried out 
on different ethnic and social-economical groups who might have different interactactions with the built 
environment (Carlson et al., 2012; Jones et al., 2011; Leyden, 2003; Sallis et al., 2009; Panter et al., 2014). 
However, the way outdoor activities are affected by the qualities of the outdoor space needs to be noted 
(Gehl, 2011). Moreover, reliable methods for measurement of physical measures of the environment are 
needed to understand better the influence of the built environment on physical activities. It is due to the fact 
that a wide range of objective and subjective environmental measures can bring about an active lifestyle 
(Day et al., 2006a). 
Many audit tools related to walkability and bike-ability have been developed to evaluate physical-activity-
related environment measures (Brownson et al., 2004; Day et al., 2006b; Moudon & Lee, 2003). 
Nevertheless, the physical features of a place do not provide much information about its qualities, especially 
the perception of its patrons, despite the fact that such perception is in close relation to physical features. 
Many qualities which affect the walking environment are addressed in the urban design literature (Ewing & 
Handy, 2009). Considering the previous studies, five main urban design qualities that influence walkability 
were evaluated and tested. However, walkability audit tools always address broad measures such as density, 
education level, etc. or the physical details of the environment such as the physical conditions of the 
sidewalks. It means that walkability audit tools are not taking into account urban design qualities.  
Therefore, considering such qualities in the walkability audit is crucial in urban design and transportation. 
That said, solutions can be presented to enhance qualities related to walkability when designing urban 
streets based on their evaluation. Considering that the aim of the current study was to develop a 
comprehensive walkability audit tool which took both environmental qualities and quantities into account. It 
was the first attempt to develop the tool based on the studies conducted on urban context (environmental 
qualities which can affect the quality of users’ experiences in an urban space include enclosure or 
transparency in a space; and environmental quantities such as traffic condition or land-use which can be 
measured quantitatively). Accordingly, the main question of this study was how we can develop a walkability 
audit tool that can measure built environment qualitatively and quantitatively. Following a review of the 
literature and similar tools in various urban contexts, we identified and categorized the measures required 
for the development of the tool. 
The next step was to create the tool and determine how to use and manage the data it provided. The next 
aim of this study was to utilize the tool in a real urban environment to validate it. To this end, the tool was 
used to examine the walkability of 21 street segments in Shiraz. Furthermore, two different statistical 
methods were employed to test the reliability of the tool. In the Conclusion section, the modified tool was 
examined after presenting the results; ending with a conclusion on the preference of using this tool in urban 
planning and comparing it to the similar cases.  
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2 LITERATURE REVIEW 
Different definitions have provided for walkability in transportation planning and urbanism literature. It 
shows that there is an ever-expanding meaning regarding the definition for them (Brown et al., 2007; Clifton 
et al., 2007; Talen & Koschinsky, 2013). Southworth (2005) seems to have provided a comprehensive 
definition for walkability based on which walkability is the extent to which the built environment supports 
and encourages walking by providing for pedestrian comfort and safety, connecting people with varied 
destinations within a reasonable amount of time and effort, and offering visual interest in journeys 
throughout the network (Southworth, 2005).  Different walkability audit measures have been incorporated in 
the literature. These measures evaluate the built environment by considering different scales and different 
aspects of the subject. Some studies have used large-scale measures such as population, density, 
unemployment rate, land use, street network connectivity, and etc. which were extracted from various 
sources including consensus data. At the end, in order to evaluate the data, tools such as Geographic 
Information Systems were used (Adams et al., 2014; Brown et al., 2009; Blečić et al., 2014; Cerin et al., 
2007; 2014; Giles-Corti et al., 2011; Hajna et al., 2013; Leslie et al., 2007; Soltani & Allan, 2006). On the 
one hand, this group of the studies did not consider the walking environment and the real conditions that 
the pedestrians went through. On the other hand, another group of studies addressed the walking 
environment and its quality. These studies addressed the micro-scale measures such as the sidewalk width, 
the street width, the quality of the sidewalk material, and urban furniture. In such studies, walkability 
measurement tools were applied to street segments to evaluate these measures (Brownson et al., 2004; 
Clifton et al., 2007; Day et al., 2006b; Emery et al., 2003; Millington et al., 2009).  Moudon and Lee (2003) 
defined the walkability audit tools as “a tool used to inventory and assess physical environmental conditions 
associated with walking and bicycling” (Moudon & Lee, 2003). The walkability audit tool is, in fact, a method 
for evaluating streets based on measures of walkable environments. Moreover, micro-scale measures such 
as land use, road infrastructure conditions, security issues, lighting, beauty, and public transportation 
facilities are employed under categories such as street characteristics, street functionality, and aesthetics to 
create survey forms that can be rated by a few pedestrians. Ultimately, the sum of these scores shows the 
walkability of the street. It can also be used to give suggestions about the street and the quality of walking. 
Table 1 overviews the characteristics of the tools that are presented for urban design, transportation 
planning, and public health. 
 
Audit tool Presented by Characteristics 
WSAF: Walking Suitability 
Assessment Form 
University of North 
Carolina, Chapel 
Hill 
This tool focuses on the safety of the pedestrians. To this end, 
measures such as route characteristics, traffic control devices, and 
pedestrian facilities are considered. This tool does not take into 
account measures such as land use, aesthetics, etc. and ranks the 
street segments by the safety of the pedestrian. 
WPS: Walkable Places 
Survey 
Baltimore 
Metropolitan 
Council 
This method was developed for encouraging neighborhood unit 
planning. No attempts were made in this method to define specific 
measures and employ them in ranking. This tool consists of 30 visual 
street features that are rated based on the Likert scale. Measurement 
characteristics were categorized based on parking space, buildings, 
intersections, facilities, and perception. 
SLU: Analytic Audit Tool 
Saint Louis 
University 
This tool incorporates 150 measures such as land use, distance from 
destination, etc. 
SPACES: Systematic 
Pedestrian and Cycling 
Environmental Scan 
The University of 
Western Australia 
The tool includes a subjective evaluation of attractiveness and 
hardness of physical activity in the walking environment. 
I-M Inventory: Irvine-
Minnesota Inventory 
University of 
California Irvine 
and University of 
Minnesota 
More than 200 measures are incorporated in this method for 
evaluation. Similar to the SLU, this tool incorporates many questions 
about details of the land use and such. However, there are no 
measures in this tool to evaluate sidewalk quality. 
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PBIC Checklist: 
Partnership for a 
Walkable America 
- 
This tool collects environmental information to be employed for 
evaluating the satisfaction of the residents by the walking 
environment and gathers details from every place but measures such 
as land use are not evaluated by this tool. 
PEAT: Path Environment 
Audit Tool 
Robert Wood 
Johnson 
Foundation 
 
The PEAT is a computer-based tool that is used to evaluate the 
physical characteristics of paths and sidewalks by trained observers. 
Design, facilities, aesthetics, and maintenance are the evaluation 
measures assumed in this tool. 
WABSA: Walking and 
Bicycling Suitability 
Assessment 
University of North 
Carolina 
at Chapel Hill 
WABSA is an evaluation tool for walkability and bike-ability in urban 
streets. The streets can have sidewalks or not. This tool is suitable for 
evaluation of green and pedestrian paths. In fact, less than 12 
measures are examined in this checklist at the scale of a street 
segment. 
SWAT: Scottish 
Walkability Assessment 
Tool 
Scottish Physical 
Activity Research 
Collaboration 
(SPARColl) 
The SWAT is used to evaluate the features of a physical environment 
in connection with walkability in Scotland. Features evaluated by this 
tool can be categorized into four general groups: functionality, safety, 
aesthetics, and destination. 
Portland- PPI: Pedestrian 
Potential Index 
Portland Office of 
Transportation 
This tool evaluates the strength of the environmental factors 
associated with walking. This tool was developed for the city of 
Portland and is designed to audit road segments. Characteristics that 
are evaluated by this tool are categorized into three groups: political, 
proximity and the use. 
AAT: Analytic t Audit Tool - 
The AAT is used to comprehend the relation between the built 
environment at the street-scale and physical activity. This tool, 
consisting of 24 questions, gathers information in five general 
categories: land use, transportation, aesthetics, and social 
environment. 
Active Neighborhood 
Checklist: 
Washington 
University 
The Active Neighborhood Checklist tool is an observational tool that is 
designed to evaluate the characteristics of a neighborhood unit 
environment that are associated with physical activities at the street-
scale. The tool consists of five parts:  Land use, public transit stops, 
street characteristics, quality of the walking environment, and walking 
and bicycling places. 
MAPS: Micro scale Audit 
of Pedestrian 
Streetscapes 
University California 
San Diego 
The MAPS is created based on previous tools.  This tool consists of 
four general sections:  The overall route, street segments (the area 
between two crossings), intersections, and cul-de-sacs. 
PEDS: Pedestrian 
Environment Data Scan 
University of 
Maryland, College 
Park 
The environmental characteristics of a segment, such as information 
about the sidewalk quality, are gathered simultaneously with the 
large-scale characteristics such as the land use. 
MIUDQ :Maryland 
Inventory of Urban 
Design Qualities 
University of 
Maryland 
According to the MIUDQ protocol, walkability can be measured 
reliably using 5 urban design perceptual qualities, namely 
imageability, enclosure, human scale, transparency and complexity/ 
Walk Score - 
This tool is available at www.walkscore.com. After specifying a 
location, this tool measures the distance between that location and 
facilities such as schools, shops, parks, etc. and rates it on a scale of 
0-100 showing the walkability of a place. 
POLS 
Highway Capacity 
Manual (HCM) 
This tool uses three measures for walkability evaluation on urban 
street facilities; including average pedestrian space, average 
pedestrian speed, and pedestrian LOS score which is based on the 
typical pedestrian’s perception of the travel experience. There are two 
common approaches for evaluating the last measure of PLOS: The 
first can be defined as a capacity-based model, and the second is a 
roadway characteristic-based model. The HCM designates six level of 
service from  A to F. 
Tab.1: A summary of walkability audit tools 
 
 
In addition to what is available in the literature on this subject, various environmental measures are 
investigated and categorized in the aforementioned tools. Therefore, considering the studied urban context, 
three categories of measures can be incorporated in this study. These categories are functionality, safety, 
and aesthetics. Each of these categories has sub-measures which can be used in order to audit walkability. 
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Street functionality can be investigated in three sections including, in order, land use, traffic, and 
permeability.  These measures have to be evaluated on a larger scale compared to what considered by the 
current study; however, their importance at street-scale cannot be ignored. Although these items can be 
measured directly by other methods rather than in field evaluation, the rater perception of these measure 
plays an important role in this kind of estimations. Moreover, since the main objective of this research was 
to assess walkability in street scale and because in this scale none of the computer software could do such 
assessing in a proper manner due to their lack of considering real condition of pedestrian in environment, 
rater perception would find a higher importance.   Land use refers to the distribution of activities, thus, it 
affects the traveling behavior by shortening destinations or decreasing the cost of reaching the destination 
(Handy et al., 2002). In this case, land-uses (residential, commercial, recreational and etc.), their 
distributions (accumulated in one point, accumulated in two points, accumulated in some points or 
distributed evenly) and combination of land-uses in each building (number of mixed use buildings) should be 
recorded by a rater for each segment. Traffic characteristics are the specifications of the street which 
include: Path specifications, the type and width of the street, traffic volume and speed, and the directness of 
the path in order to reach destinations (Pikora et al., 2003). Moreover, accessibility was evaluated based on 
street network connectivity and the manner of reaching destinations (block length, number of intersections, 
number of alternative routes to reach a destination, public transportation) (Schlossberg et al., 2006; Chin et 
al., 2008; Grasser et al., 2013).  The safety of the pedestrian was always being one of the most important 
measures in the study of walkability. The safety is addressed both in the forms of personal safety against 
crimes and safety regarding traffic. Hence, in the current study, the researchers evaluated safety in both 
terms. According to the literature, the environmental variables which create crime-ridden areas can limit the 
social ties.  Furthermore, the environmental variables can hinder the presence of people in the urban space 
include: demographic-gender variables, the social-economical state of the region, the lighting of the 
environment at night, the condition of the building parts, and their maintenance (Austin et al., 2002; Doyle 
et al., 2006; Foster & Giles-Corti, 2008a). At the street-scale, design characteristics that provide safety 
against traffic include the manner pedestrians travel along with the streets and intersections, the design of 
refuge islands, buffer space between pedestrians and vehicles, appropriate crosswalk width etc. (Clifton et 
al., 2007; Foster & Giles-Corti, 2008b). The aesthetics aspect is defined based on urban design qualities in 
connection with walkability. The quality of the public sphere is the most crucial measure to be considered 
when evaluating cities and urban areas. It is an inevitable fact that people judge their surroundings by what 
they see and experience (Tibbalds, 2003). The quality of a place specifies this experience. When a space has 
high quality, users have better understanding of that space and the surrounding spaces. The criteria which 
specify the quality of these spaces have been shifting during different times, including the last century.  The 
qualities used in the current study were selected based on the book “Measuring Urban Design” authored by 
Ewing and Clemente (2013). The book identifies key perceptual qualities of the urban environment based on 
the classic urban design literature.  Ewing and Clemente listed 51 perceptual qualities of the urban 
environment.  Eight of the 51 qualities were selected for further study based on the importance they have 
been expressed in the literature, namely: Imageability, enclosure, human scale, transparency, complexity, 
coherence, legibility, and linkage. The first five qualities were measured and passed validity and reliability 
tests (Ewing & Clemente, 2013). In this study, it was attempted to evaluate the qualities in the urban 
environment of Iran considering the urban context. When considering the set of environmental 
characteristics associated with the walkable environment, and the information provided in Table 1, one can 
understand that none of the tools audit the built environment in detail. Each of the tools considers only a 
specific set of aspects in the environment. 
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Function Land Use Mix 
 
Land Use Diversity 
Land Use Distribution 
Combination of Land Use in Building Scale 
Traffic Role 
 
Characteristics of Riding Path 
Volume, Speed & Type of Traffic 
Characteristics of Pedestrian Path 
Accessibility Urban Blocks Design 
Streets Connectivity 
Accessibility of Destination 
Safety Safety from Crime 
 
CPTED 
Social Characteristics 
Safety from Traffic Intersection Characteristics 
Pedestrian Crossings along Streets 
Separation of Pedestrian from Traffic 
Aesthetic Imagability 
 
Path Layout 
Characteristics of Street Walls 
Nodes Design 
Land Marks Quality in Paths 
Enclosure 
 
Height-to-Width Ratios in Streets 
Specification of the Beginning and the End of 
Streets 
Attributes of Street Walls 
Human Scale 
 
Building Heights in Street Walls 
Human Scale Moderator Elements 
Transparency 
 
Predictability of Space 
Portions of Windows at Street Level 
Amount of Activity overflows into Street 
Complexity Special Characteristics of Streets Design 
Amount of Activity in Street 
Combination of Land Use in Environment 
Tab. 2 Components and indicators of walkable environment 
 
Some emphasize on pedestrian safety, while others address, for example, the characteristics of the 
pedestrian network. Furthermore, the studies that addressed the validity of these environmental measures 
reported ambiguous results (Clifton et al., 2007). The subjective and objective characteristics in walkability 
audit are also problematic issues regarding these measures. Some researchers have attempted to 
investigate the perception of the pedestrian from the environment, thus incorporating subjective methods in 
their studies (Ariffin & Zahari, 2013; Park et al., 2014). Nevertheless, others incorporated objective and 
measurement methods in their study of the walking environment (Day et al., 2006b; Clifton et al., 2007).  
Given the categorization for environmental factors affecting walkability, all tools which were discussed in this 
regard are not without deficiencies. Tools such as I-M or SLU redundantly evaluate the environmental 
characteristics; moreover, they are associated with inefficient management.   The PBIC checklist collects 
environmental information by evaluating the satisfaction of the residents from the walking environment to 
be incorporated in behavior models. This tool is not designed for collecting details about environmental 
characteristics. The WSAF only focuses on the pedestrian facilities such as road markings for the pedestrian, 
or path characteristics, not evaluating various measures nor providing a rating system for quick evaluation of 
pedestrian safety.  It is worth mentioning that the PEDS has the following advantages compared to other 
tools: Efficient management, time efficiency, more efficient and brief sizes, economic approach, and robust 
training protocol. PEDS is defined based on measures that assume purely physical aspects and they do not 
consider the quality of the pedestrian paths. However, Ewing and Handy (2009) attempted to evaluate the 
walking environment based on urban design qualities. The tool they presented was very capable in the 
qualitative audit of the built environment in terms of the attractiveness of walking. However, it did not 
consider the safety and functional aspects of walkability; moreover, it was developed based on the American 
urban context. That all said, the aim of this study was to present a walkability audit tool which took both 
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quantitative (path width, number of lanes, traffic speed and volume) and qualitative aspects (quality of 
walking in a space) of walkability into account. Considering what has been said about audit tools, none of 
them incorporate three general sections, which are functionality, beauty, and safety, (except for the SWAT 
which is developed based on European environment) or the number of the sub-measures they incorporate 
decreases their efficiency. This study emphasized on walkability; furthermore, it considered other aspects of 
the subject matter. To this end, two tools (PEDS and MIUDQ) were selected as the development basis for 
the tool.   The walkability audit tool in this study was developed based on what was said about the audit 
tools. This tool incorporates three main components (namely functionality, safety, and aesthetics), and ten 
measures (land use, traffic role, permeability, personal safety, environmental safety, imageability, enclosure, 
human scale, transparency, and complexity). The items in this tool were created considering the introduced 
measures and the two mentioned tools. Finally, every measures had been contextualized based on Shiraz 
urban context as each city is unique in its own and for using this audit in other cities it should be revised.  
For measuring weight of each measures, 100 questioners were filled by urban science experts. the analysis 
of the responded questionnaires was done through using Structural equation modeling (SEM). The result of 
this study are presented in a research by Soltani et al. (2018).  
Results of this study showed that safety feature had the highest impact in walkability of streets. The weights 
of each measures in that study have been used in calculating total walkability of segments for developing 
this audit tool.   
3  THE CASE STUDY 
For the purpose of doing this study, Eram neighborhood which is located in District 1 of Shiraz, Iran was 
selected to be studied. The region is 181 hectares and consists of 11 streets and 2101 building segments. 
According to the comprehensive urban plan of Shiraz (2016), Eram neighborhood houses a population of 
14766. This region plays an important role in the traffic of the city. Two of the boulevards, called Jomhuri, 
and Daneshju, are recognized as the main arteries of the city. Given the fact that in the current study we 
considered only streets or what had a street-like nature, the main and side alleys were omitted from the 
walkability audi. 
3.1  DATA COLLECTION AND ANALYSIS 
Eleven streets exist in this region selected for the purpose of doing this study. Based on their characteristics, 
predominantly with respect to intersections, streets were divided into definite segments, resulting in 21 
segments in total. Therefore, the data collection was carried out considering the aforementioned measures. 
The data collection included an evaluation form or the walkability audit tool which consisted of 63 items 
derived from 10 measures. The items of the questionnaire were either multiple choice or fill-in-the-blank 
questions for writing the number of elements or other information. 
Most of the items were dedicated to the traffic characteristics of the street since the environmental items in 
connection with this section included details of the environmental measures.  In order to guarantee the 
suitability of the items, four auditors from different fields of study were asked to fill the forms for the 
corresponding segments. Before performing the audit, the participants were trained about the concepts used 
in the evaluation form and how to answer its items. In this session, every section was explained in detail. 
Then after, a practice session was conducted to make sure the participants' answers are eligible. During this 
session, a few items were found not be useful since they seemed to ask for answers that are too much 
affected by the personal view of the participant. Hence, seven items were omitted from the audit after 
further examining the environmental characteristics and consulting urbanism experts. Ultimately, the audit 
was performed incorporating 56 items which were derived from the 10 main measures. To study the data 
collected by the auditors, all of the results from the four participants were analyzed using SPSS. Cronbach's 
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alpha was found to be above 0.7 for all four auditors, suggesting the reliability of the collected data for 
further investigation. 
 
Tab. 3 Audit comparisons  (source: authors) 
 
 :Consisting feature ، :Do not consisting feature ،B: Considering some aspects of feature  
1: Quantity aspects 2: Quality aspec 
 
Auditor Cronbach's alpha  Number of items Number of segments 
A 0.874 56 21 
B 0.870 56 21 
C 0.860 56 21 
D 0.853 56 21 
Tab. 4 Reliability of the collected data 
 
 
Fig. 1 Segments defined by the walkability audit tool 
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Percent of 
Agreement Kappa Score Indicator Feature 
95.2 0.942 Land Use Type 
Land Use Mix 61.9 0.447 Land Use Distribution 
76.2 0.682 Combination of Land Use in Building Scale 
100 1 Number of Travel Lane 
Traffic Role 
100 1 Traffic Direction 
90.5 0.781 Condition of Road 
81 0.616 Riding Speed 
90.5 0.798 Traffic Volume 
95.2 0.893 Parking Amenities 
100 1 Walkway type 
85.7 0.696 Pedestrian Path Width 
100 1 Pedestrian Path Condition 
81 0.741 Pedestrian Path Obstructions 
81 0.740 Maximum Path Slope 
90.5 0.834 Pedestrian Facility 
90.5 0.840 Climate Comfort of Path 
90.5 0.864 Block Length 
Accessibility 
71.4 0.445 Viewable Start and End node 
85.7 0.782 Number of Alternative routs 
90.5 0.876 Public Transport Condition 
85.7 0.794 Presence of Different Social Classes in Space 
Safety from Crime 
81 0.683 Presence of the Elderly and the Children 
66.7 0.430 Variety of activities 
85.7 0.774 Sense of Security 
90.5 0.702 Maintenance of Buildings 
100 1 Lighting 
76.2 0.620 Blind Spots 
61.9 0.398 Street Surveillance  
90.5 0.847 Safety of Intersections 
Safety from Traffic 95.2 0.913 Pedestrian Crossings along Street 
90.5 0.775 Separation of Pedestrian from Traffic 
95.2 1 Historical buildings 
Imageability 
95.2 0.939 Building with Identifier 
95.2 0.920 Landmarks 
90.5 0.873 Public Open spaces 
76.2 0.675 Height-to-Width Ratios 
Enclosure 
66.7 0.419 Proportion of Sky 
85.7 0.781 Break in street Wall 
95.2 0.910 Non-directional Building 
100 1 Rows of trees 
90.5 0.798 Trees spacing 
71.4 0.603 Break in street wall height 
90.5 0.872 Building Height 
Human Scale 
85.7 0.806 Recessed buildings 
76.2 0.672 Portions of Windows at Street Level 
90.5 0.831 Street Furniture 
81 0.735 Portions of Windows at Street Level 
Transparency 
81 0.765 Active edge 
81 0.736 Amount of Activity overflows into Street 
90.5 0.826 Predictability of Space 
66.7 0.555 Activity types in Streets 
Complexity 
85.7 0.743 Diversity of Facade Materials 
71.4 0.272 Façade Details 
90.5 0.753 Public Art 
71.4 0.655 Number of people 
Tab.5 Evaluation of the collected data 
 
Items with K<04 showed little agreement between the data corresponding to them. Data analysis results 
pertaining to this tool are presented in Table 4. Given the fact that the Kappa statistics is the only suitable 
estimation for ranking variables, and a few questions, such as the number of lines, crosswalk width, building 
height, etc. were not of this type, percent agreement was also employed. Percent agreement yielded similar 
results. In this method of statistical analysis, 100 indicates perfect agreement while 0 indicates full 
disagreement.  
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As evident from Table 5, items are associated with a value smaller than 0.4. These cases are related to the 
distribution of land use, the possibility of seeing the start of the path, varied activities, the possibility for 
monitoring the street from within the segments, the visible portion of the sky and details of the street walls. 
Meanwhile, two items are related to the functionality of the street, while two pertain to safety, and two are 
related to aesthetics. The poor reliability of data collection can be attributed to the relative subjectivity of the 
answers to the items, and the influence of personal judgment on the answers. Considering this fact, the 
items are not sufficiently valid to be used in the walkability audit tool. After the required modifications were 
made to the walkability audit tool considering that it was to be used in the studied region, it consists of 50 
questions. Finally, the data can be incorporated in location-based maps to present the audit.  
 
 
Fig. 2 Walkability of streets based on the walkability audit tool results 
 
 
 
4 DISCUSSION AND CONCLUSION 
Due to the fact that a wide range of environmental measures can influence the walkability of the urban 
environment, it was attempted to work out this measure to be used in the walkability audit tool considering 
the Iranian urban context and previous studies. In addition to functional and physical measure, qualitative 
environmental measures are also considered in the presented tool that can comprehensively audit the built 
environment in terms of walkability by combining the qualitative and quantitative aspects. However, some 
measures that were mostly subjective were found to be inefficient as the audit tool was tried in an urban 
environment. Moreover, a few questions were omitted as they were not validated by the Kappa statistic. 
However, the majority of the questions were valid to be used in various environments. Although this tool 
consists of fewer questions compared to the tools such as the IMI, it is capable of comprehensive 
environmental audit in connection with regard to walkability. Tools such as the IMI that incorporate a large 
number of items might evaluate the environment not as good as they are expected to. Since the many 
questions can distract the auditor from the main goal by unreasonably engaging their mind. Unlike PEDS, 
PEAT, or WAPSA that only consider the quantities and the functionality of the environment, this tool also 
takes into account the qualitative aspects of the environment, measuring the qualities of the urban design. 
Nevertheless, unlike the MIUDQ that only focuses on the quality of the environment, this tool includes other 
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environmental factors which are effective besides design quality. Furthermore, this tool is superior to similar 
tools given its great agreement percent in most measures.  The aim of the present study was to evaluate 
the walking environment subjectively, as in other walkability audit tools. However, some questions such as 
the attractiveness or comfort-ability of the path were presented in the primary version of the audit. 
However, after initial steps, they were omitted due to the little agreement of the answers among auditors. 
Some other objective measures such as feeling safe, or the possibility of foreseeing beyond the spatial 
obstructions, were incorporated in the audit. They were not omitted because of their relative agreement. 
Overall, 53 questions of this tool are associated with sufficient agreement percent and reliability to be used 
in other Iranian urban environments. Even though all the mentioned measures influence the walkability of 
the urban environment, only the questions that have sufficient reliability can be used to audit the land use in 
such environments.  This walkability audit tool can be used to evaluate the walking environment in field. The 
most important advantage of this method is to evaluate the actual situation of pedestrians in the built 
environment. Other measurement tools, such as those that measure the connectivity or number of 
destination with special software like GIS, evaluate the environment in large scale and they have a holistic 
approach in their assessment. Therefore, it is not possible to judge the degree of the walkability of the 
environment, properly. Moreover, the audit in this research had a very comprehensive approach as it 
considered the quality of streets along with other criteria and this made it very reliable in measuring 
walkability. Another advantage of this type of assessment is its easy and efficient management. In this 
method, it is easy to examine the walking environment by a rater and categorize the streets in terms of 
walkability without any complex calculations. The results of these tools can be incorporated in a location-
based software such as GIS, by designating a code to each street segment that is combined with the 
statistical software input data. Finally, the software can rank the segments based on the items, measures, 
and in general, by walkability.  This way, a comprehensive image is obtained from walkability in urban 
streets that can be presented to urban managers to help them make more efficient decisions about each 
street segment and contribute to the public health. In order to develop this method, it can be used in a 
mobile application so that data can be electronically entered and evaluated. Additionally, another part of this 
study can act as an objective assessment. Objective evaluation is an important part of the walkability and it 
is very important to consider it alongside subjective and specialized assessments. 
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